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Prevalence of pertactin-lacking Bordetella pertussis iso-
lates has been observed worldwide. In Japan, however, we 
found that the frequency of pertactin-deficient isolates in 
2014–2016 (8%) was significantly lower than the frequency 
in 2005–2007 (41%), 2008–2010 (35%), and 2011–2013 
(25%). This reduction was closely associated with changes 
in genotypes.

Bordetella pertussis, a highly communicable, gram-neg-
ative coccobacillus, is the etiologic agent of pertussis 

(whooping cough), an acute respiratory infection that leads 
to severe illness in children. Vaccination is the most effec-
tive method for preventing and controlling pertussis. In Ja-
pan, acellular pertussis vaccines (ACVs) were introduced 
in 1981. Pertussis toxin and filamentous hemagglutinin 
derived from B. pertussis are the major antigens in ACVs 
in Japan, and certain ACVs also contain pertactin and fim-
briae (1). Pertactin is believed to play a role in adherence 
to human epithelial cells (2); however, B. pertussis isolates 
that lack pertactin production have been identified in sev-
eral countries where ACVs have been introduced (3–7). In 
Japan, pertactin-deficient isolates have increased signifi-
cantly since the early 2000s, resulting in a high prevalence 
of these isolates (5,8). Recent studies have demonstrated 
that pertactin-deficient strains could colonize the respirato-
ry tract more effectively than pertactin-producing strains in 
ACV-vaccinated mice (9,10). Supporting these results, an 
epidemiologic study suggested that ACV-vaccinated per-
sons are more susceptible to pertactin-deficient strains than 
to pertactin-producing strains (11). These reports imply that 
pertactin-deficient strains have increased fitness in humans 
who have been vaccinated with ACVs and that their expan-
sion may reduce the effectiveness of ACVs. We assessed 
trends in the frequency of pertactin-deficient isolates in Ja-
pan and further investigated their genotypes using multilo-
cus variable-number tandem-repeat analysis (MLVA).

The Study
We studied 232 B. pertussis clinical isolates collected from 
January 2005 through June 2016 in Japan. All isolates were 
derived from epidemiologically unrelated cases of pertus-
sis. Pertactin production and MLVA types (MTs) of 111 
isolates collected during 2005–2012 were previously deter-
mined by immunoblotting and MLVA typing, respectively 
(5,8). For our study, we extended these analyses to addi-
tional isolates collected during 2008–2016 (n = 121).

We determined the temporal trend in the frequency of 
pertactin-deficient isolates by 3-year periods (Figure, panel 
A). Percentages were 41% in 2005–2007 (n = 39 isolates), 
35% in 2008–2010 (n = 43), 25% in 2011–2013 (n = 97), 
and 8% in 2014–2016 (n = 53). A significant decrease in the 
frequency of pertactin-deficient isolates was observed from 
2005–2007 to 2014–2016 (p<0.05 by Fisher exact test). 

Among the 232 B. pertussis isolates, 25 MTs were 
identified; MT27 and MT186 isolates were predominant, 
and other MT isolates were found at low frequencies (on-
line Technical Appendix Table 1, http://wwwnc.cdc.gov/
EID/article/23/4/16-1575-Techapp1.pdf). The frequency 
of MT27 isolates increased significantly over time (Figure 
1, panel B): 28% in 2005–2007, 44% in 2008–2010, 70% 
in 2011–2013, and 77% in 2014–2016. In contrast, the fre-
quency of MT186 isolates decreased: 31% in 2005–2007, 
44% in 2008–2010, 21% in 2011–2013, and 6% in 2014–
2016. We also observed a substitution of the major geno-
type in the B. pertussis population from MT186 to MT27.

Of 59 pertactin-deficient B. pertussis isolates collect-
ed during 2005–2016, 45 (76.3%) were MT186 isolates, 
whereas 2 (3.4%) represented MT27 and 12 (20.3%) other 
MT isolates (MT194, MT224–226, MT314–316) (Table). 
Notably, 45 (83.3%) of 54 MT186 isolates were pertactin-
deficient, whereas only 2 (1.4%) of 139 MT27 isolates 
were pertactin-deficient. This finding indicates that pertac-
tin-deficient isolates predominate among the MT186 strain 
but are rare among the MT27 strain.

We previously showed that pertactin-deficient isolates 
in Japan were generated by 2 different mutations: an 84-
bp deletion of the prn gene signal sequence (∆SS) and an 
IS481 insertion at nucleotide position 1598 in prn (1598–
1599::IS481) (5). Thus, to confirm the molecular basis for 
the loss of pertactin production, pertactin-deficient isolates 
(n = 26) that were newly identified in this study underwent 
PCR screening with 2 primer sets (online Technical Appen-
dix Table 2). We summarized the molecular mechanisms of 
loss of pertactin production in 59 pertactin-deficient isolates  
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DISPATCHES

(Table); the ∆SS mutation was detected in 43 (72.9%) MT186 
isolates and in 11 (18.6%) other MT isolates. In contrast, 
the 1598–1599::IS481 mutation was detected in 2 (3.4%) 
MT186 isolates and 1 other MT isolate (1.7%, MT226). 
Two MT27 isolates (BP394 and BP533) do not have either 
of these mutations. Instead, BP533 isolates (1.7%) have an 
IS481 insertion at nucleotide position 245 (245–246::IS481; 
GenBank accession no. KC445198), and BP394 (1.7%) iso-
lates exhibit transcriptional down-regulation of prn gene ex-
pression (online Technical Appendix Figure 1).

Conclusions
The expansion of pertactin-deficient B. pertussis isolates 
has been reported worldwide (3–8). However, we observed 
a significant decrease in pertactin-deficient isolates within 
the B. pertussis population in Japan, caused by a genotypic 
replacement from the pertactin-deficient MT186 strain to 
the pertactin-producing MT27 strain.

The most likely explanation for the prevalence of 
pertactin-deficient strains is vaccine-driven strain evolution, 
because pertactin is a component of ACVs. No pertactin-
deficient isolates have been detected in Denmark, where an 
ACV that does not contain pertactin is used, and pertactin-
deficient strains exhibit a selective advantage against ACV-
induced immunity (7,9–11). In Japan, 5 brands of the diph-
theria–tetanus–acellular pertussis vaccine (DTaP) had been 
used to control pertussis for many years. These DTaPs had 
different formulations of components; only 3 contained the 
pertactin antigen (1). When the DTaP vaccine was replaced, 
however, 2 brands of combined DTaP–inactivated poliovi-
rus (DTaP-IPV) vaccine that did not contain pertactin were 
introduced in November 2012. Therefore, most Japanese 
children <4 years of age do not have immunity to pertactin; 
consequently, the selective pressure for pertactin-deficient 
strains in the host environment has recently been reduced. 
This effect may be responsible for the recent decline in  

pertactin-deficient isolates and further supports the hypothesis  
that pertactin-deficient strains are selected on the basis of 
host immunity to pertactin. Notably, a new brand of DTaP-
IPV vaccine containing pertactin was also introduced in De-
cember 2015 in Japan. If the hypothesis of vaccine-driven 
evolution is correct, pertactin-deficient isolates should in-
crease again in Japan in the near future. Thus, continued sur-
veillance of pertactin-deficient isolates is of particular value.

We demonstrated that genotypic replacement from 
MT186 to MT27 has taken place among recent B. pertussis 
isolates in Japan: MT27 is a triple-locus variant of MT186. 
MT186 strains carry the pertussis-toxin promoter allele 
ptxP1, whereas MT27 strains carry the allele ptxP3 (8). B. 
pertussis strains carrying ptxP3 (i.e., MT27) produce more 
of several virulence factors than do ptxP1 (i.e., MT186) 
strains (12,13). The population of MT27 strains carrying 
ptxP3 has increased worldwide (14,15), although a low 
frequency of ptxP1 isolates was observed in Japan (8), sug-
gesting that MT27 strains are associated with the recent 
pertussis resurgence. It is possible, therefore, that the geno-
typic replacement in the B. pertussis population may have 
resulted from the expansion of the more virulent ptxP3 
(i.e., MT27) strains. In addition, given that pertactin-de-
ficient MT27 isolates are rare, this genotypic replacement 
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Figure. Temporal trends in the frequency of pertactin-deficient isolates and changes in multi-locus variable-number tandem repeat 
analysis types (MTs) in the Bordetella pertussis population in Japan. Pertactin production (A) and MTs (B) were analyzed for 232 B. 
pertussis isolates collected from January 2005 through June 2016. The frequencies of pertactin-deficient isolates and 2 major MTs (MT27 
and MT186) are shown by time period. For convenience, minor MTs (MT194, MT224–226, and MT314–316) are included as “others.”

 

 

 
Table. Molecular mechanisms of loss of pertactin production  
in 59 pertactin-deficient Bordetella pertussis isolates, Japan, 
2005–2016* 

Reason for loss of pertactin 
No. (%) MTs  

MT27 MT186 Others† 
SS 0 43 (72.9) 11 (18.6) 
1598–1599::IS481 0 2 (3.4) 1 (1.7) 
245–246::IS481 1 (1.7) 0 0 
Transcriptional downregulation 1 (1.7) 0 0 
Total 2 (3.4) 45 (76.3) 12 (20.3) 
*MT, types determined by using multilocus variable-number tandem-repeat 
analysis. 
†For convenience, minor MTs (MT194, MT224–226, and MT314–316) are 
included in this category. 
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may have contributed to the recent decrease in pertactin-
deficient isolates in Japan.

In Japan, most pertactin-deficient isolates carry a de-
letion of the prn signal sequence (ΔSS), which has been 
found primarily in MT186 isolates carrying the prn1 allele 
(online Technical Appendix Table 1). In other countries, 
a common prn mutation includes an insertion of IS481 
into the prn2 allele (4,6,7). In this study, we identified 2 
pertactin-deficient MT27 isolates carrying the prn2 allele, 
due to the IS481 insertion (245–246::IS481) and the tran-
scriptional down-regulation of the prn gene. These pertac-
tin-deficient isolates were previously identified in Europe 
and the United States (6,7). One possible explanation for 
the appearance of pertactin-deficient MT27 isolates is that 
they were imported from other countries.
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Technical Appendix Table 1. Characteristics of Bordetella pertussis isolates, Japan, 2005–2016* 

Isolate 
Isolation 

year Patient age Vaccine status 
Origin 

(district) 
Pertactin 

production prn gene prn allele MLVA type 

BP285 2005 2 mo 0 Kanto – SS 1 186 

BP291 2005 1 y 3 Chubu – ∆SS 1 186 
BP292 2005 1 mo 0 Chubu – ∆SS 1 226 
BP293 2005 4 mo 1 Chubu – ∆SS 1 186 
BP299 2005 5 mo 0 Kyusyu – ∆SS 1 186 
BP302 2005 1 mo 0 Kinki – 1598–

1599::IS481 
1 226 

BP307 2006 2 mo 0 Chubu – 1598–
1599::IS481 

1 186 

BP310 2006 11 y Unknown Tohoku – ∆SS 1 194 
BP313 2006 58 y Unknown Kanto – 1598–

1599::IS481 
1 186 

BP322 2006 1 mo 0 Kanto – ∆SS 1 186 
BP323 2006 1 y Unknown Kanto – ∆SS 1 186 
BP332 2006 35 y Unknown Kinki – ∆SS 1 194 
BP333 2006 30 y Unknown Kinki – ∆SS 1 194 
BP334 2006 0 y 0 Kinki – ∆SS 1 194 
BP314 2007 3 mo 0 Kanto – ∆SS 1 186 
BP318 2007 1 y 0 Kanto – ∆SS 1 186 
BP466 2008 33 y Unknown Kanto – ∆SS 1 186 
BP469 2008 8 y Unknown Kanto – ∆SS 1 186 
BP346 2009 2 mo 0 Chubu – ∆SS 1 186 
BP351 2009 4 mo Unknown Shikoku – ∆SS 1 186 
BP458 2009 70 y Unknown Kanto – ∆SS 1 186 
BP459 2009 5 mo Unknown Kanto – ∆SS 1 186 
BP460 2009 6 mo Unknown Kanto – ∆SS 1 186 
BP357 2010 12 y Unknown Kanto – ∆SS 1 186 
BP358 2010 10 y Unknown Kanto – ∆SS 1 186 
BP359 2010 Unknown Unknown Kanto – ∆SS 1 186 
BP360 2010 Unknown Unknown Kanto – ∆SS 1 186 
BP361 2010 10 y Unknown Kanto – ∆SS 1 186 
BP363 2010 Unknown Unknown Kanto – ∆SS 1 186 
BP365 2010 Unknown Unknown Kanto – ∆SS 1 186 
BP366 2010 6 y Unknown Kanto – ∆SS 1 186 
BP378 2011 21 y Unknown Kyusyu – ∆SS 1 186 
BP390 2011 4 y Unknown Kinki – ∆SS 1 316 
BP394 2011 5 mo 0 Kyusyu – prn 

(transcriptional 
down–regulation) 

2 27 

BP395 2011 6 mo 0 Kinki – ∆SS 1 186 
BP397 2011 7 y Unknown Kinki – ∆SS 1 186 
BP398 2011 4 mo 0 Kinki – ∆SS 1 225 
BP400 2011 5 y Unknown Kinki – ∆SS 1 186 
BP401 2011 9 y 4 Kinki – ∆SS 1 314 
BP403 2011 2 mo 0 Kinki – ∆SS 1 315 
BP417 2011 35 y 4 Kanto – ∆SS 1 186 
BP437 2011 1 mo 0 Kinki – ∆SS 1 186 
BP438 2011 2 mo 0 Kinki – ∆SS 1 186 
BP451 2011 3 mo 0 Kinki – ∆SS 1 186 
BP452 2011 7 mo Unknown Kinki – ∆SS 1 186 
BP410 2012 1 mo 0 Tohoku – ∆SS 1 186 
BP412 2012 26 y Unknown Shikoku – ∆SS 1 186 

http://dx.doi.org/10.3201/eid2304.161575
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Isolate 
Isolation 

year Patient age Vaccine status 
Origin 

(district) 
Pertactin 

production prn gene prn allele MLVA type 
BP416 2012 3 mo 0 Kanto – ∆SS 1 186 
BP418 2012 5 y 4 Kanto – ∆SS 1 186 
BP440 2012 10 y 4 Kinki – ∆SS 1 186 
BP442 2012 2 y 0 Kinki – ∆SS 1 316 
BP447 2012 28 y Unknown Kyusyu – ∆SS 1 186 
BP478 2012 5 y Unknown Kinki – ∆SS 1 186 
BP480 2013 2 mo 0 Kinki – ∆SS 1 224 
BP481 2013 1 mo 0 Kinki – ∆SS 1 186 
BP510 2015 1 mo 0 Kinki – ∆SS 1 186 
BP533 2015 1 mo 0 Kinki – 245-246::IS481 2 27 
BP535 2015 3 mo 0 Kyusyu – ∆SS 1 186 
BP550 2016 7 y 4 Kanto – ∆SS 1 186 
BP283 2005 9 y Unknown Kanto + prn 2 27 
BP284 2005 1 mo 0 Chubu + prn 1 186 
BP289 2005 6 mo 0 Kinki + prn 2 27 
BP290 2005 1 y 0 Chugoku + prn 2 27 
BP294 2005 10 mo 1 Kyusyu + prn 2 27 
BP296 2005 6 y 0 Kyusyu + prn 2 27 
BP297 2005 3 mo 0 Chugoku + prn 2 22 
BP298 2005 3 mo 0 Kinki + prn 2 69 
BP300 2005 2 mo 0 Kyusyu + prn 2 26 
BP301 2005 11 mo 0 Kyusyu + prn 2 27 
BP303 2005 1 mo 0 Chugoku + prn 1 224 
BP306 2006 10 y 4 Chubu + prn 2 69 
BP311 2006 1 y Unknown Tohoku + prn 1 187 
BP335 2006 0 y Unknown Kinki + prn 1 186 
BP312 2007 4 mo 0 Kanto + prn 2 27 
BP316 2007 53 y Unknown Tohoku + prn 1 234 
BP317 2007 11 y Unknown Tohoku + prn 1 234 
BP324 2007 65 y Unknown Kanto + prn 2 27 
BP327 2007 10 y Unknown Shikoku + prn 1 229 
BP330 2007 6 mo 0 Chubu + prn 2 27 
BP336 2007 0 y 2 Kinki + prn 2 27 
BP337 2007 43 y Unknown Kinki + prn 2 27 
BP343 2007 0 y Unknown Kanto + prn 2 95 
BP331 2008 1 y 0 Chubu + prn 2 27 
BP338 2008 11 y 2 Kinki + prn 2 27 
BP339 2008 8 y Unknown Kinki + prn 2 27 
BP340 2008 29 y Unknown Kinki + prn 2 27 
BP341 2008 6 y Unknown Kinki + prn 1 187 
BP342 2008 0 y Unknown Kinki + prn 2 27 
BP344 2008 5 y Unknown Chubu + prn 2 27 
BP345 2008 4 y Unknown Chubu + prn 2 27 
BP464 2008 3 mo 0 Kanto + prn 2 27 
BP465 2008 27 y Unknown Kanto + prn 2 27 
BP467 2008 8 mo Unknown Kanto + prn 2 27 
BP347 2009 3 y 0 Shikoku + prn 9 27 
BP348 2009 41 y Unknown Chubu + prn 2 27 
BP349 2009 2 mo 0 Kyusyu + prn 1 186 
BP350 2009 13 y 4 Chubu + prn 1 186 
BP352 2009 1 mo 0 Shikoku + prn 1 34 
BP353 2009 12 y Unknown Kyusyu + prn 2 22 
BP354 2009 1 mo 0 Kyusyu + prn 1 311 
BP355 2009 6 mo Unknown Kinki + prn 1 27 
BP356 2010 2 mo 0 Kinki + prn ND 221 
BP362 2010 3 y Unknown Kyusyu + prn 2 27 
BP364 2010 8 y Unknown Kanto + prn 2 27 
BP367 2010 9 y Unknown Kyusyu + prn ND 27 
BP368 2010 5 mo Unknown Kyusyu + prn 1 186 
BP369 2010 15 y Unknown Kyusyu + prn 2 27 
BP371 2010 1 mo 0 Kyusyu + prn 1 186 
BP462 2010 6 mo Unknown Kanto + prn 2 27 
BP470 2010 1 mo 0 Kanto + prn 2 27 
BP376 2011 2 mo 0 Chubu + prn 2 27 
BP377 2011 1 mo 0 Chugoku + prn 2 27 
BP380 2011 11 y Unknown Kyusyu + prn 2 27 
BP388 2011 3 y Unknown Kyusyu + prn ND 27 
BP389 2011 3 mo 1 Kanto + prn 2 27 
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Isolate 
Isolation 

year Patient age Vaccine status 
Origin 

(district) 
Pertactin 

production prn gene prn allele MLVA type 
BP391 2011 5 y Unknown Kanto + prn 2 27 
BP392 2011 4 mo Unknown Kanto + prn ND 27 
BP393 2011 11 mo Unknown Kyusyu + prn 2 27 
BP396 2011 1 mo 0 Kinki + prn 1 187 
BP399 2011 2 y Unknown Kinki + prn ND 27 
BP402 2011 1 mo 0 Kinki + prn ND 27 
BP404 2011 10 y Unknown Kyusyu + prn 2 27 
BP405 2011 14 y Unknown Kyusyu + prn ND 27 
BP406 2011 1 mo 0 Kyusyu + prn ND 27 
BP407 2011 6 mo Unknown Kyusyu + prn 2 27 
BP430 2011 1 y 3 Kinki + prn 2 27 
BP431 2011 2 mo 0 Kinki + prn 9 27 
BP432 2011 8 y 0 Kinki + prn 2 27 
BP433 2011 5 mo 0 Kinki + prn 2 27 
BP436 2011 4 mo 0 Kinki + prn ND 27 
BP453 2011 6 mo 0 Kinki + prn 1 186 
BP463 2011 3 mo 1 Kanto + prn 2 27 
BP471 2011 2 mo 0 Kanto + prn 2 27 
BP493 2011 Unknown Unknown Kanto + prn ND 27 
BP494 2011 0 y Unknown Kanto + prn ND 27 
BP501 2011 Unknown Unknown Kinki + prn ND 27 
BP408 2012 5 mo Unknown Kanto + prn ND 27 
BP409 2012 4 mo Unknown Tohoku + prn 2 27 
BP411 2012 17 y Unknown Tohoku + prn ND 27 
BP413 2012 10 y 4 Kanto + prn 2 27 
BP414 2012 1 mo 0 Chubu + prn 2 27 
BP415 2012 8 y Unknown Kanto + prn ND 27 
BP420 2012 4 mo 0 Kanto + prn 2 27 
BP421 2012 5 mo Unknown Kanto + prn ND 27 
BP422 2012 8 y Unknown Kanto + prn ND 27 
BP423 2012 8 y Unknown Kanto + prn 2 27 
BP424 2012 9 y Unknown Kanto + prn ND 27 
BP425 2012 7 y Unknown Kanto + prn ND 27 
BP426 2012 8 y Unknown Kanto + prn ND 27 
BP427 2012 4 y Unknown Kanto + prn ND 27 
BP428 2012 10 y Unknown Kanto + prn ND 27 
BP429 2012 12 y Unknown Kanto + prn ND 27 
BP434 2012 7 y Unknown Kanto + prn 2 27 
BP435 2012 7 y Unknown Kanto + prn ND 27 
BP439 2012 3 mo Unknown Kinki + prn 2 27 
BP441 2012 3 mo Unknown Kinki + prn ND 186 
BP443 2012 3 mo Unknown Kinki + prn 2 27 
BP444 2012 1 mo 0 Tohoku + prn 3 27 
BP445 2012 1 mo 0 Tohoku + prn 2 27 
BP446 2012 2 mo 0 Tohoku + prn 2 27 
BP448 2012 2 mo 0 Kinki + prn 2 27 
BP449 2012 4 mo 2 Kinki + prn 2 27 
BP450 2012 1 mo 0 Kinki + prn 2 27 
BP454 2012 11 y Unknown Tohoku + prn 9 27 
BP455 2012 1 mo Unknown Tohoku + prn 2 27 
BP456 2012 0 mo 0 Tohoku + prn 2 27 
BP472 2012 1 mo 0 Kanto + prn 2 27 
BP477 2012 2 mo 0 Kinki + prn ND 27 
BP495 2012 0 y Unknown Tohoku + prn ND 27 
BP496 2012 Unknown Unknown Kanto + prn ND 27 
BP513 2012 3 mo 0 Kyusyu + prn ND 27 
BP514 2012 4 mo ≥1 Kyusyu + prn ND 27 
BP515 2012 5 mo ≥1 Kyusyu + prn ND 26 
BP538 2012 0 mo 0 Tohoku + prn ND 27 
BP473 2013 29 y ≥1 Shikoku + prn ND 27 
BP474 2013 31 y Unknown Kyusyu + prn ND 186 
BP475 2013 8 y Unknown Kyusyu + prn ND 28 
BP479 2013 10 y 0 Kinki + prn ND 27 
BP482 2013 4 mo Unknown Kanto + prn ND 27 
BP483 2013 52 y Unknown Kyusyu + prn ND 27 
BP497 2013 3 mo Unknown Kanto + prn ND 27 
BP498 2013 5 y Unknown Tohoku + prn ND 27 
BP516 2013 2 mo 0 Kyusyu + prn ND 27 
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Isolate 
Isolation 

year Patient age Vaccine status 
Origin 

(district) 
Pertactin 

production prn gene prn allele MLVA type 
BP484 2014 1 mo 0 Kyusyu + prn ND 28 
BP485 2014 13 y Unknown Kyusyu + prn ND 27 
BP486 2014 1 mo 0 Shikoku + prn ND 27 
BP487 2014 1 mo 0 Kanto + prn ND 27 
BP488 2014 1 mo 0 Chugoku + prn ND 27 
BP489 2014 5 y Unknown Kyusyu + prn ND 27 
BP490 2014 3 mo 0 Chugoku + prn ND 27 
BP491 2014 8 y 4 Kinki + prn ND 27 
BP499 2014 3 mo Unknown Kinki + prn ND 27 
BP500 2014 30 y Unknown Kyusyu + prn ND 27 
BP502 2014 1 mo 0 Kanto + prn ND 27 
BP503 2014 1 mo 0 Kanto + prn ND 27 
BP505 2014 36 y Unknown Kinki + prn ND 27 
BP506 2014 10 y Unknown Hokkaidou + prn ND 27 
BP517 2014 1 mo 0 Kyusyu + prn ND 27 
BP518 2014 1 mo 0 Kyusyu + prn ND 27 
BP519 2014 8 y Unknown Kyusyu + prn ND 27 
BP520 2014 13 y Unknown Kyusyu + prn ND 27 
BP521 2014 6 y ≥1 Kyusyu + prn ND 27 
BP522 2014 6 y ≥1 Kyusyu + prn ND 27 
BP523 2014 8 y ≥1 Kyusyu + prn ND 27 
BP524 2014 4 mo Unknown Kyusyu + prn ND 27 
BP525 2014 1 mo 0 Kyusyu + prn ND 27 
BP526 2014 2 mo 0 Kyusyu + prn ND 27 
BP527 2014 2 mo 0 Kyusyu + prn ND 29 
BP532 2014 4 mo 0 Kyusyu + prn ND 27 
BP507 2015 3 mo Unknown Kinki + prn ND 78 
BP508 2015 1 mo 0 Chubu + prn ND 27 
BP509 2015 32 y Unknown Kyusyu + prn ND 29 
BP511 2015 2 mo 0 Kyusyu + prn ND 96 
BP512 2015 8 y 4 Kinki + prn ND 27 
BP528 2015 1 mo 0 Kyusyu + prn ND 27 
BP529 2015 2 mo 0 Kyusyu + prn ND 27 
BP530 2015 3 mo 0 Kyusyu + prn ND 27 
BP531 2015 3 mo Unknown Kyusyu + prn ND 27 
BP534 2015 0 mo 0 Kyusyu + prn ND 27 
BP536 2015 3 mo 1 Shikoku + prn ND 27 
BP537 2015 2 mo 0 Kinki + prn ND 31 
BP539 2015 1 mo 0 Tohoku + prn ND 32 
BP540 2015 1 mo 0 Tohoku + prn ND 27 
BP541 2015 6 mo 0 Kinki + prn ND 27 
BP551 2015 12 y 3 Chubu + prn 2 27 
BP542 2016 9 y 4 Hokkaidou + prn 2 27 
BP543 2016 10 y Unknown Kinki + prn 2 27 
BP544 2016 1 mo 0 Kyusyu + prn 1 34 
BP545 2016 13 y 4 Chubu + prn 2 27 
BP549 2016 9 y 4 Hokkaidou + prn 2 27 
BP555 2016 6 mo 3 Chubu + prn 2 28 
BP556 2016 8 y 4 Kanto + prn 2 27 

*, negative; +, positive; ND, not determined; MLVA, multilocus variable number tandem repeat analysis. 
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Technical Appendix Table 2. Primers used in this study of Bordetella pertussis isolates, Japan, 2008–2016* 

Designation Primer name Sequence (5′ to 3′) 

Conventional PCR SS-defect-F5 CTCTGTCACGCATTGACAAC 

 SS-outerR CTCGGCCGCGGGATTTTCTA 

 IS481-combine-F GCAGACGCCACTAGGTGTGA 

 IS481-combine-R AAAGGTCGCCGCGCTGCCTA 

qRT PCR qprn-F ATCGTCAAGACCGGTGAGCG 

 qprn-R CTGACGGCCGCTTACCTTGA 

 qrecA-F CCAATGTGGTCGACAAGTCC 

 qrecA-R ATGGCCATTTCCTTGTGCTC 

*qRT–PCR, quantitative reverse transcription PCR. 

 

 

Technical Appendix Figure. Lack of prn transcript expression in pertactin–deficient Bordetella pertussis 

isolate BP394. The pertactin–deficient isolate was cultured for 3 days on Bordet-Gengou agar. Total RNA 

was isolated by using the RNeasy Mini Kit (QIAGEN, Hilden, Germany) and treated with RNase–Free 

DNase (QIAGEN) to degrade contaminating DNA. Total RNA (0.1 g) was reverse–transcribed into cDNA 

by using the PrimeScript RT Master Mix with random hexamers (TaKaRa Bio, Inc., Shiga, Japan). 

Relative levels of prn and recA transcripts were determined using SYBR Premix Ex TaqII (TaKaRa Bio) 

with the ABI PRISM 7500 Fast Real–Time PCR System (Applied Biosystems, Waltham, MA, USA). 

Quantitative reverse transcription–PCR (qRT–PCR) conditions were 10 s at 95°C, followed by 40 cycles 

of 95°C for 3 s, and 60°C for 30 s. Primer sets qprn–F/qprn–R and qrecA–F/qrecA–R were used for prn 

and recA amplification, respectively (Technical Appendix Table 2). The relative prn transcript level was 

calculated using the Ct method and was normalized to that of recA. The recA transcript was used as 

an internal control for each sample. Data are presented as -fold- changes in expression compared with 
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those observed in B. pertussis strain Tohama. The mean ± SDs of results obtained from 3 separate 

experiments are shown. 


